Information on the effect of forest cover changes on streamflow (river discharge) in large-scale catchment is important to be studied. 
Introduction
Citarum River plays a vital role for West Java citizens; including fulfillment of water for domestic, industries, and irrigation purposes (Fares & Yudianto 2004) . Such role, however, is decreasing due to the degrading Citarum Watershed quality which increases its susceptibility to both flood and drought (Apip et al. 2010; Boer et al. 2012) . It is for this reason that problems in Citarum Watershed have to be immediately responded with accuracy. One of the efforts to overcome flood related-problems is by providing the public with convincing information on flood risk through flood inundation map (Cook & Merwade 2009 ).
The development of flood inundation map can be carried out by using 1D (one-dimensional) and 2D (twodimensional) approach; in which the former approach uses HEC-RAS model, while the later uses FESWMS model. According to Cook (2008) , 1D model assumes that all water flows in the longitudinal direction; whereas in the 2D model, water flows in both longitudinal and lateral directions. Furthermore, in 1D model, river bathymetry (bed topography) is represented by a set of cross sections; which does not actually represent the real topography. In 2D model, however, this is represented by a continuous surface model; namely, finite element mesh, and this better represents the real topography (Hunter et al. 2007) . However, such model requires relatively more detail topographic data compared to 1D model. Horritt and Bates (2002) point out that, without detail topographic data, the two models (1D and 2D) show relatively similar performances. Since this research was using topographic data with 30 m horizontal resolution, the 1D approach has been selected to complete the flow dynamic and maps the inundated areas of the Upper Citarum Watershed. Dingman (1994) states that flood will occur when watershed system experiences uncommon conditions, such as high rainfall or continuous rainfall, causing river discharge (streamflow) rate to exceed canal capacity. Apart from high rainfall, another factor causing the increase of river discharge is the change in land use, e.g. forest into non-forest (Bruijnzeel 1990; Sahin & Hall 1996; Costa et al. 2003; Du et al. 2012) .
Over the past 100 years, the relationship between forest changes and water yield (e.g. river discharge, peak discharge, or annual average flood volume) has become an important research topic, and this is studied by using direct experiment on catchment scale. Generally, these researches (Hibbert 1967; Bosch & Hewlett 1982; Andre´assian 2004; Brown et al. 2005) use paired catchment experiments approach. The general conclusion indicate that forest cover reduction (deforestation) will increase water yield, whereas reforestation in opened land will decrease it (Bosch & Hewlett 1982; Andre´assian 2004; Farley et al. 2005; Lima et al. 2012) . The amount of this reduction varies from one experiment to another (Bruijnzeel 2004) , and this is caused by a complex interaction among vegetation, climate, and soil (Zhou et al. 2010) . Water yield changes is very much affected by landuse change (especially, forest cover change); and, this is determined by time-scale and catchment size (Brown et al. 2005) . In short term, deforestation will increase water yield; generally, this hydrologic response appears on a small-scale 2 2 catchment (< 1 km ), while for larger watershed ( > 100 km ) the impacts can either be the same or the opposite (Wilk 2002; Costa et al. 2003; Brown et al. 2005; Peña-Arancibia et al. 2012; Hendrayanto & Sudomo 2013) . Moore and Wondzell (2007) use the term forest harvesting to depict deforestation process. Research have shown that forest harvesting has increased streamflow and rates of snowmelt and generally, such condition will occur in small headwater 2 catchments (< 1 km ). This shows that forest's role and its impact on water yield (including hydrologic cycle) varied and is still debated (Andre´assian 2004; Ellison et al. 2012) . Based on the weakness, this researches use a single catchment approach to evaluate the impacts of forest reduction on river discharge at large scale catchment (i.e. Upper Citarum watershed). Wang and Yang (2013) have used single catchment approach (i.e. Chaobai Watershed) to evaluate the effect of land cover (e.g. urban land, cultivated land, and forest) change on flood. They have integrated land use/cover change (LUCC) analysis, hydraulic modeling and statistical method to estimate the effect of LUCC on floods, which is in line with our research approach. Ths reserach aims to identify the effects of forest cover change on river discharge and spread of flood. Return period of river discharge will be estimated using probability distribution method (theoretical frequency distribution), whereas spread of flood inundation is mapped using 1D HEC-RAS hydraulic model.
Methods
According to USACE (2010), HEC-RAS contains 4 onedimensional river analysis components, i.e. (1) calculate a steady flow of water surface profile, (2) simulate an unsteady flow, (3) sediment transport/mobile bed computations, and (4) water quality analysis. This research only employed one ability, that is, to calculate water surface profiles for steady flow. In this model, calculation of water surface profiles was carried out along the river channel; and this was conducted in order, from one cross section to the next. The depth of water surface was calculated using energy equation and completed with iterative procedures known as standard step method (USACE 2010). In the current version (HEC RAS 4.1.0), the model has been integrated in GIS software. Based on this, the spread of flood inundation can be estimated and mapped. Details of this model can be found in user's manual of HEC-
GeoRAS (USACE 2002).
River geometry Data were extracted from digital elevation model (DEM) data assisted by digital topography map. River geometry data would require at least 5 themes, namely; stream centerline, banks, flowpath centerline, crosssectional cut lines, and Manning roughness coefficient value. The first 3 themes were in order to the outer direction, both to the right and to the left of the main river channel. For crosssectional cut lines, one condition must be fulfilled; i.e., the data must only cross stream centerline, banks, and flowpath centerline one time, both for the right and the left parts of main river channel.
Probability analysis for steady flow In addition to river geometry, data on the occurrence probabilities for both historical and scenario discharges would also be required, and these were calculated by using continuous probability distribution approach. The initial stage of this approach was to build an empirical distribution model for historical discharge and select the best distribution model in line with Anderson-Darling test. Based on the selected distribution model, the probability distribution parameter value can be determined. Following this, selected distribution model was transformed into cumulative distribution function (cdf), and historical discharge probability was then calculated based on the inverse cdf, defined as shown in Equation
[1] note: x = the historical discharge for certain return period -1 F = inverse cdf p = probability value a and b = parameter values for selected probability distribution The determination of scenario discharge probability was initiated by calculating the forest extent of Upper Citarum Watershed, and several subwatersheds, including Dayeuhkolot, Majalaya, Cengkrong, and Cangkuang based on digital land use map in 1989, 1993, 2000, 2005, and 2010 = 1989, 1993, 2000, 2005, and 2010) The next stage is to estimate empirical distribution parameter value for 5 discharge data periods related to percentage of forest cover (Equation b for discharge data periods in 1989 1992, 1993 1999, 2000 2004, 2005 2009, and If it were assumed that this empirical distribution model was permanent and probability distribution parameter's assumption followed the result of forest cover change scenario, then 1 until 3 scenario discharge could be estimated.
Flood scenario Results of HEC-RAS hydraulic model in the forms of flood prone areas for each return period could be obtained after data on river geometry and steady flow (discharge) have been arranged. There were four flood designed in this research: 1 The 1 flood scenario with input components comprising of river geometry and historical discharge data. 2 The 2 flood scenario with input components comprising of river geometry and the 1st scenario discharge as a result of forest cover change for 1st forest scenario. 3 The 3 flood scenario with input components consisting of river geometry and the 2nd scenario discharge as a result of forest cover change for 2nd forest scenario. 4 The 4 flood scenario with input components consisting of river geometry and the 3rd scenario discharge as a result of forest cover change for 3rd forest scenario. Based on the model result (i.e., spread of flood under the 1 flood scenario until the 4th), flood status of the research area could be assessed and determined. However, this could be performed following the tested model result. Steady flow frequency analysis In this research, the volume of steady flow (discharge) was studied according to the historical and scenario conditions. Frequency of occurrence of the 2 discharges was analyzed using probability distribution approach, i.e. Gamma distribution for Nanjung and Dayehkolot, Weibull for Cengkrong, and Log-Normal for Cangkuang. Based on such probability distribution, the volume of both historical discharge and scenario for several return periods could be calculated. rd this region extends from hilly to mountainous areas but flat in the middle to form a basin area (Figure 2 ). According to BBWS Citarum (2010), this kind of topography is prone to flood inundations and the occurrence increases from year to year.
Model result testing

Results and Discussion
Upper Citarum River geometry Position, length, and number of cross sections became crucial inputs in water surface profile calculation using HEC-RAS. Cook and Merwade (2009) stated that the addition of cross sections would be followed by an increase of model result detail level. Based on this, the number of cross sections in study area was increased from 44 to 324 using interpolation technique. The width of cross-sections ranged 600 11,700 m with an average spacing of 200 m. The result of river geometry analysis showed that cross section formed in Dayeuhkolot areas to Majalaya represented a big "U" letter; as a result, this region was topographically more prone to flood inundations than other areas such as Nanjung, Cangkuang, and Cengkrong that represented a "V" letter.
Furthermore, historical discharge and scenario data related to forest cover change have also been compared and the results were shown in Figure 3 . As seen in Figure 3a , historical discharge in Nanjung was estimated to reach about 3 -1 54.8, 167.5, and 277.0 m s in return period of 2, 10, and 50 years, respectively. Nevertheless, when forest in upstream of Nanjung remained only 25% (the 3 forest scenario), the 3 -1 discharge values were 74.6, 237.5, and 398.2 m s or increased by approximately 36%, 42%, and 44% in return period of 2, 10, and 50 years, respectively. This condition was similar to what occurred in Cengkrong ( Figure 3c) ; meaning that forest cover shrinkage in this area would increase the river discharge level for each certain return period. Figure 3b and Figure 3d showed different results when these were compared with Figure 3a and Figure 3c . According to Figure 3b (Dayeuhkolot Station), the 3 scenario discharge would decreased sharply about 35% from historical discharge in 2-year return period, but in return period of 10 and 50 year, the scenario discharge would increased to about 11% and 29% from the historical discharge. At Cangkuang Station (Figure 3d) , percentage of the 3 scenario discharge changed against historical discharge would increase rapidly more than 150% in return period of 2, 10, and 50 years. This findings were in line with the studies conducted by Wangcheng (1983), Bruijnzeel (1990) , Costa et al. (2003) , and Peña- Arancibia et al. (2012) . They revealed that the effect of forest cover shrinkage on surface runoff, peak discharge, and flood volume would 2 emerged in small scale catchment (< 1 km ), but for larger 2 catchment (> 100 km ) the impact would increase or decrease. The Upper Citarum Watershed could be grouped as large-scale catchment, and the total catchment area was more 2 than 1800 km . In this large-scale catchment, forest cover reduction has caused a change of river discharge level in all hydrometry stations (i.e. Nanjung, Dayeuhkolot, Cengkrong, and Cangkuang). Generally, an increase of river discharge would occured in return period of more than 2 year, while in 2-year return period, this event might be similar or the opposite.
Flood scenario at the Upper Citarum Watershed
In this case, distribution of flood prone area according to scenario discharge as a result of forest cover change, could be simulated using HEC-RAS model, and the result could be shown in the following sub-part. (Figure 4c) , meaning that the model is able to predict flood extent and spread with about 74% accuracy; consequently, this model is feasible to be used in further analysis. Figure 5 showed the spread of flood areas for return period of 2 and 50 years under the 1 flood scenario and 4 , respectively. Figure 5a showed the flood prone areas under the 1 flood scenario. As shown in this figure, flood coverage with a return period of 2 year has reached more than Ciparay District has reached more than 7 km . Flood coverage and spread for each return period (2 years and 50 years) were predicted to change when there is forest cover reduction in the upper part, the detail of which is shown in Figure 5b . Figure 5b revealed that the 4 flood scenario, which was built from the 3 scenario discharge and forest cover in this scenario was about 25% of Upper Citarum Watershed area. In return period of 2 and 50 year, the flood coverage and spread as a result of 4 flood scenario (Figure 5b ) was larger than the result of the 1st flood scenario (Figure 5a ). These results showed that the impact of forest cover shrinkage would be clearly seen in flood with a long term return period. The detail proof of this matter could be seen in Table 1 . Table 1 showed flood extent changes according to the 1st th flood scenario until the 4 and in the return period of 2 until 100 years. As could be seen in the table, in 2-year return period, flood extents under the first flood scenario was about 2 42.9 km . However, in the 2 flood scenario it increased 2 sharply (50.2 km ) but in the 3 flood scenario and 4 it decreased slightly. In contrast, in return period of more than 2 year, flood extents would increased sharply in all flood scenario. In this research, flood scenario was built based on forest cover reduction. Based on Table 1 and focus of the research, it can be concluded that flood extent changes was very much affected by forest cover changes.
Model result accuracy
Flood scenario
th nd rd th Conclusion T 74%. Based on the model results, forest cover shrinkage caused the increased of discharge value, as clearly identified in Nanjung, Dayeuhkolot, Cengkrong, and Cangkuang he modeled flood extent has an accuracy level of about hydrometric stations. Moreover, flood coverage and spread in Upper Citarum region were largely affected by not only natural but also anthropogenic factors. Forest cover change was only one of the anthropogenic factors that might influence the rise or fall of discharge value which further caused the change in flood coverage and spread in Upper Citarum Watershed. Effect of forest cover reduction on river discharge level and spread of flood areas was unclear in the return period of 2 years but this was opposite for return period of more than 2 years.
Suggestion
Results of this research revealed that forest cover change was not a determining factor in discharge increase and flood coverage. This indicated that there were, indeed, other factors that played an essential role; therefore, it was suggested to revise and extent forest cover types into vegetation cover types for further research in order to sharpen the research results. The author would like to express his gratitude to Prof. Dr. Ir. Hidayat Pawitan, M.Sc. who has improved the author's concept and understanding on hydrology so that this article has finally been completed. The author would also like to thank Dr. Budi Kartiwa, CESA for all of his assistances including proving discharge data measured in several hydrometric stations in Upper Citarum Watershed. We would like to thank the three anonymous reviewers whose comments led to significant improvement of the earlier version of this manuscript.
